Background The aim of this retrospective study was to evaluate the changes in clinical features and treatment outcomes of the patients with metastatic or recurrent gastric cancer (MRGC) treated in the past 12 years. Results There were 880 patients (23 %) in period 1, 1573 (40 %) in period 2 and 1435 (37 %) in period 3. The most commonly used first-line chemotherapy regimen was fluoropyrimidine with/without platinum (72 %) for all periods. The use of second-and third-line chemotherapy was slightly but significantly more common in the two recent periods: 46 and 19 % in period 1, 54 and 26 % in period 2, and 53 and 27 % in period 3, respectively. Overall, 3494 patients (89.9 %) died with a median overall survival (OS) of 10.6 months (95 % CI 10.2-11.0). The OS was statistically significantly improved over the study period: 9.6 months (95 % CI 9.0-10.2) in period 1, 10.3 months (95 % CI 9.8-10.9) in period 2 and 11.7 months (95 % CI 11.0-12.4) in period 3 (p for trend \0.001). Multivariate analysis including eight prognostic factors (performance, gastrectomy, peritoneal/bone/lung metastasis, abnormal alkaline phosphatase/albumin/total bilirubin) showed that the more recent treatment period was an independent favorable prognostic factor for OS (p \ 0.001). Conclusion The OS of patients who receive chemotherapy for MRGC has been shown to improve over time.
Introduction
Gastric cancer is the leading cause of cancer death worldwide. The median survival for patients diagnosed at an advanced stage is \1 year [1, 2] . In the early 1990s, randomized clinical trials showed that chemotherapy added to best supportive care improved median survival time from 3-5 to 8-12 months compared with best supportive care alone in patients with advanced gastric cancer [3] [4] [5] . Two recent phase III studies of second-line chemotherapy for advanced gastric cancer also showed a survival benefit of 4-5 months with chemotherapy plus best supportive care, which was increased from 2 to 3 months with best supportive care alone [6, 7] .
Consensus has been achieved regarding the role of adjuvant chemotherapy in patients who underwent curative surgery with D2 dissection for locally advanced gastric cancer [8, 9] . A targeted agent such as trastuzumab showed a median survival time of [1 year in advanced gastric cancer and is now a standard therapy in patients with HER2-positive gastric cancer [10] . The efficacy of systemic chemotherapy for gastric cancer has been improving.
Several studies have reported the outcomes of gastric cancer treatment in different time periods. Although some epidemiological and clinical studies have demonstrated an improving prognosis in recent years [11] [12] [13] , little is known about the treatment outcome of patients receiving chemotherapy for advanced gastric cancer according to time period.
Therefore, this retrospective study evaluates changes in clinical features and treatment outcomes of patients with metastatic or recurrent gastric cancer (MRGC) treated at a single institution.
Materials and methods

Patients and data collection
We examined the Asan Medical Center Stomach Cancer Registry to identify all patients who were treated for advanced gastric cancer at the Asan Medical Center (Seoul, Korea) between January 2000 and December 2011. We identified a total of 4288 patients who had received firstline palliative chemotherapy for metastatic (initially presenting with metastatic disease) or recurrent (recurrence of either local or distant tumors, or both, after a previous curative gastrectomy) gastric cancer (MRGC). Patients over 18 years of age with a histologically confirmed adenocarcinoma of the stomach who received at least one cycle of chemotherapy and who had no history of other malignancies were included. Patients with locally advanced disease or who underwent R1 resection for microscopic residual tumors just before chemotherapy were excluded. The excluded patients were regarded as having a lower tumor burden than patients with MRGC. Of the 4288 patients screened, 3888 fulfilled the inclusion criteria. Patients' medical records, stored in a prospectively collected registry, were reviewed for information regarding demographic data, tumor characteristics, treatment types, treatment responses and survival. In addition, patients were grouped by our prognostic model for MRGC [14] . This model used a scoring system consisting of eight prognostic factors [Eastern Cooperative Oncology Group (ECOG) performance score (PS) C2 or bone metastasis (2 points each); no gastrectomy, peritoneal metastasis, lung metastasis, alkaline phosphatase [120 IU/ l, albumin \3.3 g/dl or total bilirubin [1.2 mg/dl (1 point each)], with patients divided into good (0-1 points), moderate (2-3) and poor (C4) risk groups.
Statistical analysis
Differences in patient and tumor characteristics during the three periods were analyzed using the Chi-square test or one-way ANOVA. Overall survival (OS) was measured from the starting date of first-line chemotherapy until death from any cause. Progression-free survival (PFS) was measured from the starting date of first-line chemotherapy until tumor progression or death from any cause. Survival rates were estimated using the Kaplan-Meier method and compared using the log-rank test. Prognostic factors were analyzed using Cox proportional hazard regression models. A two-sided p value \0.05 was considered significant, and 95 % confidence intervals (CIs) were calculated. All statistical analyses were performed using the SPSS 18.0 software package (IBM SPSS Statistics, USA). Table 1 . Slight but significant changes were observed in terms of age, ECOG PS status, number of organ metastases and peritoneal seeding in period 3 compared with earlier periods. In particular, the analysis demonstrated a significant increase in the proportion of patients in the poor risk group (score 4 or more, p for trend \0.001). There were no significant changes in trends of sex, prior gastrectomy, hepatic metastasis, or lung and bone metastasis.
Results
Between
The analysis of chemotherapy data in the three periods is summarized in Table 2 . The most commonly used firstline cytotoxic chemotherapy agent was fluoropyrimidine with/without platinum: 579 (65.8 %) in period 1, 1083 (68.8 %) in period 2 and 1153 (80.3 %) in period 3. The most commonly used first-line chemotherapy regimen was fluoropyrimidine with/without platinum (60-75 %) [15] [16] [17] [18] [19] [20] [21] [22] [23] , and taxane-based chemotherapy was most commonly used as second line (50 %) [24, 25] . A triplet regimen including taxane, fluoropyrimidine and platinum was administered to *8 % of patients over all periods [26] [27] [28] .
Improving OS of AGC in 12-year period 347
Targeted therapies such as trastuzumab [10] , cetuximab [29, 30] , sorafenib [31] , bevacizumab [32] , vorinostat [33] and everolimus [34] were administered to a total of 262 patients (6.7 %) as first-line treatment, and these were also the most commonly used in period 3. Use of oral fluoropyrimidine increased significantly since period 2 (p for trend \0.001) [15-18, 22, 23, 35] . Second-line chemotherapy was administered to 2018 patients (51.9 %), and third-line chemotherapy was administered to 967 patients (24.9 %). The proportion of patients who received secondand third-line treatment increased slightly but significantly in the recent two periods compared to period 1 (p for trend \0.002; \0.001, respectively) [24, 25, 36, 37] . Overall, 3494 patients (89.9 %) died, with a median OS of 10.6 months (95 % CI 10.2-11.0). The median followup time for living patients was 25.2 months [interquartile According to our previous prognostic model using eight prognostic factors (mentioned previously) [14] , the patients were grouped into three groups. In the good risk group, the OS showed statistically significant improvement over the study period: 12.3 months (95 % CI 11.0-13.6) in period 1, 13.0 months (95 % CI 11.8-14.1) in period 2 and 15.8 months (95 % CI 14.9-16.7 months) in period 3 (p for trend = 0.002, Fig. 2a ). In the moderate risk group, the OS also showed statistically significant improvement over the period: 8.7 months (95 % CI 8.0-9.4) in period 1, 10.1 months (95 % CI 9.2-10.9) in period 2 and 10.7 months (95 % CI 9.6-11.7) in period 3 (p for trend \0.001, Fig. 2b ). In the poor risk group, however, the OS showed no significant difference over the period: 5.6 months (95 % CI 4.8-6.3) in period 1, 5.5 months (95 % CI 4.7-6.3) in period 2 and 6.1 months (95 % CI 5.3-6.9) in period 3 (p for trend = 0.458, Fig. 2c ). In addition, among the 58 patients who had received doublet chemotherapy with trastuzumab as first-line treatment, 41 patients (70.7 %) died. With a median follow-up duration of 25.6 months (range 21.0-61.8), the median OS and PFS were 21.1 months (95 % CI 15.0-27.2) and 10.9 months (95 % CI 8.6-13.1), respectively (Fig. 3a) .
Multivariate analysis for factors influencing OS was carried out including eight prognostic factors and time period (Table 3) . Recent time period was confirmed as an independently favorable prognostic factor for OS (p \ 0.001). The HR for OS in period 2 compared with period 1 was 0.922 (95 % CI 0.86-1.01) and in period 3 was 0.804 (95 % CI 0.73-0.88). As patients in these three groups were treated at different times, the assumption of proportionality of the risk during the time after first-line chemotherapy was verified by the log-minus-log plot (LML 
Discussion
This study analyzed the changes in clinical features and treatment outcomes of patients with MRGC in a single institution during the past 12 years. In more recent periods, trends included increasing patient age, declining ECOG PS and increasing numbers of organ metastases.
The proportions of sex, gastrectomy status, histology differentiation, and liver or bone metastasis remained constant. It is particularly notable that OS improved over time: median OS increased about 2 months. This finding was confirmed as an independent favorable prognostic factor after multivariate analysis adjusted for major prognostic factors. There were several possible explanations for improved treatment outcome over these periods. The proportion of patients who received sequential second-or third-line chemotherapy increased [36] [37] [38] . Although the role of salvage chemotherapy was not proven in advanced gastric cancer until the late 2000s, two recent phase III trials demonstrated the benefit of the second-line chemotherapy for the improvement of survival outcome in patients with advanced gastric cancer [6, 7] . Similar outcomes in terms of PFS for first-line chemotherapy over the periods and the OS improvement in the specific group of patients, particularly in the good and moderate risk groups, also support the association between use of sequential chemotherapies and OS improvement.
Although the most commonly used first-line chemotherapy regimen was fluoropyrimidine with/without platinum (60-75 %) [15] [16] [17] [18] [19] [20] [21] [22] [23] , some feasible patients, who had good performance or low tumor burden such as isolated para-aortic lymph node metastasis, were treated with a triplet regimen including taxane, fluoropyrimidine and platinum [26] [27] [28] . Those were about 8 % of all patients (290 patients) over all the periods, and their survival outcome of 7.8 months in PFS (95 % CI 7.0-8.6 months) and 14.0 months in OS (95 % CI 12.6-15.4 months) was not significantly different among the three periods (p = 0.485, p = 0.512, respectively). Additionally, the trends, which included increasing patient age, numbers of metastases and poor risk groups, could suggest that the PFS was also improved in patients with the same condition or tumor burden although the PFS was not significantly different over the periods.
The recently diagnosed patients with advanced gastric cancer tended to have a better prognostic indication such as a lower number of metastases or good PS due to early detection. However, we indicate in Table 1 that a larger number of recent patients had a higher prognostic score. There are several possible explanations for this. First, a more aggressive palliative treatment strategy may have been in use for more recent patients, and older patients or those with a poorer performance status agreed to receive palliative chemotherapy. Second, patients showing indicators of a poor prognosis, including a heavy tumor burden, tend to be referred from local hospitals for palliative chemotherapy. These two aspects may have contributed to this observed trend of an increased proportion of patients with higher prognostic scores in recent periods. There were substantial changes to the cytotoxic agents used in the doublet chemotherapy, such as oral fluoropyrimidine and oxaliplatin. Although some studies have suggested some survival benefit of oral fluoropyrimidine and oxaliplatin over IV fluoropyrimidine and cisplatin, respectively, [39, 40] , we could not draw any conclusions because the proportion of patients who received sequential second-or third-line chemotherapy was also significantly increased in these periods.
Since trastuzumab became a standard therapy for patients with HER2-positive gastric tumors, the role of targeted agents has been actively explored [10] . The use of trastuzumab with doublet chemotherapy has increased in the recent period, and the PFS and OS have been improved compared with all patients in this analysis. As an increasing number of targeted agents have been used in recent clinical trials [41] , ramucirumab, a new monoclonal antibody VEGFR-2 antagonist, has shown survival benefits after first-line chemotherapy [42] . Further active investigations with target agents are needed based on biomarkerdriven clinical trials [34] .
In summary, this analysis showed the potential changes in clinical features and treatment outcomes in patients with MRGC over the past 12 years. The OS of patients was shown to improve over time with the advances in chemotherapy and supportive care.
